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(54) MULTILAYER OPTICAL RECORDING MEDIUM AND STORAGE 



(57) A multilayer optical recording medium including 
a first recording layer for recording or reproducing infor- 
mation by using a first light beam having a center wave- 
length , a first photochromic layer provided onthefirst 
recording layer, and a first optical waveguide layer pro- 
vided on the first photochromic layer for guiding to the 
first photochromic layer a second light beam having a 
center wavelength 12 different from the center wave- 
length X"\ . The multilayer optical recording medium fur- 
ther includes a second recording layer provided on the 
first optical waveguide layerfor recording or reproducing 
information by using the first light beam, a second pho- 
tochromic layer provided on the second recording layer, 
and a second optical waveguide layer provided on the 
second photochromic layer for guiding the second light 
beam to the second photochromic layer. The first and 
second photochromic layers become transparent to the 
first light beam by irradiation with light or by application 
of heat. The reflectance of each of the first and second 
photochromic layers to the first light beam can be re- 
peatedly increased by irradiation with the second light 
beam and can be repeatedly decrease to restore the 
transparent state. 
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Description 

Technical Field 

[0001] The present invention relates to a multilayer 
optical recording medium and a storage device for re- 
cording or reproducing information to or from the record- 
ing medium. 

Background Art 

[0002] A compact disc (CD) has one recording layer, 
and information recorded on the recording layer is read 
from reflected light of a light beam directed from one side 
of the disc. Further, a digital versatile disc-ROM 
(DVD-ROM) having an increased recording capacity 
over the CD includes a standard having two recording 
layers, and information is read from these two recording 
layers by optimizing the reflectances and transmittanc- 
es of the two recording layers. This dual-layer recording 
method has an advantage such that information can be 
read from the two recording layers by using a short- 
wavelength laser without changing a conventional opti- 
cal system. 

[0003] To further increase the recording capacity in 
the future, research on reading of information from a re- 
cording medium having multiple recording layers is be- 
ing conducted. Regarding DVD media, research on a 
recording medium having three or more recording layers 
is being conducted. For example, a write-once medium 
having four recording layers is reported in Optical Data 
Storage Symposium ODS2001 -Lecture No. MC5. The 
method described in this report is a method for reading 
information from each recording layer by optimizing the 
transmittance and reflectance of each recording layer. 
Thus, multilayering of recording layers is effective in in- 
creasing the recording capacity. 

[0004] However, all the DVD media now in practical 
use are media having two recording layers for each, and 
no media having three or more recording layers for each 
have been put into practical use. In reading information 
from each recording layer by using a conventional opti- 
cal head, a sufficient reflected light quantity is required. 
Further to read information from a deeper recording lay- 
er, a transmitted light quantity must also be increased. 
As a result, the light quantity reflected on a desired re- 
cording layer relative to the light quantity reflected on 
each recording layer is reduced more with an increase 
in the number of recording layers, causing a reduction 
in S/N in reading information. Further, information read 
from the recording layers other than the desired record- 
ing layer is mixed with the reflected lightfrom the desired 
recording layer, so that information processing for iden- 
tifying information read from the desired recording layer 
may become more difficult. Accordingly, while the re- 
cording medium having four recording layers is reported 
in Optical Data Storage Symposium as mentioned 
above, it is considered that a recording medium having 



five or more recording layers is difficult to produce. 
[0005] In the above-mentioned DVD media, informa- 
tion recorded on each recording layer is read by opti- 
mizing the transmittance and reflectance of each re- 

5 cording layer. Other information reading methods have 
been proposed. For example, U.S. Patent No. 
6,009,065 discloses a method of utilizing fluorescent 
emission at a focal position to identify a desired record- 
ing layer from information on the fluorescent emission. 

10 This method uses a recording medium having several 
stacked recording layers formed of a fluorescent chem- 
ical substance. This method utilizes a phenomenon 
such thatthe fluorescent chemical substance generates 
scattered light having a wavelength different from the 

15 wavelength of an incident laser beam at only the focal 
position, and information recorded on the desired re- 
cording layer is read at the intensity of this scattered 
light. This fluorescent chemical substance is normally 
transparent, so that it has an advantage such that a re- 

20 duction in light quantity can be suppressed even with an 
increase in the number of recording layers. 
[0006] In this patent, thefocal position must be moved 
to near the desired recording layer, for example, to se- 
lect the desired recording layer. However, due to varia- 

25 tions in thickness of the recording medium or due to 
waviness of the recording medium, for example, it is im- 
possible to optically identify whether the focal position 
is reliably broughtto the desired recording layer. Accord- 
ingly, it is necessary to perform a fine adjusting opera- 

30 tion such that the desired recording layer is identified 
from address information included in the fluorescent 
light to bring the focal position to the desired recording 
layer. It is also necessary to perform an operation for 
checking whether the data information obtained is orig- 

35 inated from only the desired recording layer. It is there- 
fore considered that there is a limit to speed enhance- 
ment for information retrieval. 

[0007] As another conventional recording medium, U. 
S. Patent No. 6,005,838 discloses a recording medium 

40 having recording layers responding to various combina- 
tions obtained by changing the wavelength or polariza- 
tion direction of a light source for reading information. 
This patent uses a cholesteric compound capable of 
transmitting most light and reflecting light having a spe- 

45 cific wavelength and polarization direction. This method 
has an advantage such that by stacking a plurality of 
recording layers different in reflection wavelength or po- 
larization direction, a desired recording layer can be se- 
lected by changing the wavelength or polarization direc- 

50 tion ; thereby allowing an increase in recording capacity. 
However, many light sources having different wave- 
lengths are required as compared with a conventional 
optical system, and a spectral mechanism for separat- 
ing information according to wavelengths or a mecha- 

55 nism for switching the polarization direction is also re- 
quired, thus causing an increase in cost and size of a 
recording device. 

[0008] As another conventional storage, there is a 
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wavelength multiplexing, multilayer recording type holo- 
gram memory using a photochromic material. For ex- 
ample, Japanese Patent Laid-open No. Hei 9-101735 
discloses a device for reproducing information by utiliz- 
ing an optical recording medium having layers of an op- 
tical waveguide and a photochromic material, introduc- 
ing reference light from the optical waveguide to the 
photochromic material in which information is recorded, 
and using reconstructed light obtained by modulating 
the wavef ront of the reference light. 
[0009] The photochromic material is a material for ap- 
plying a refractive index distribution by absorption of one 
photon or two photons. However, there has not yet been 
developed a photochromic material capable of main- 
taining modification of characteristics required as a re- 
cording medium at room temperature and having high 
resolution and optical reversibility. Even if such an ideal 
photochromic material is developed as an information 
recording material, information cannot be recorded or 
reproduced by using a conventional recording/repro- 
ducing device. In recording information, light beams 
from at least two light sources must be directed accu- 
rately to the medium; otherwise interference fringes are 
moved to cause a reduction in contrast. Because of 
wobbling due to eccentricity or vibrations of an optical 
disk medium, it is difficult to adopt such a recording me- 
dium using a photochromic material. 

DISCLOSURE OF THE INVENTION 

[0010] It is therefore an object of the present invention 
to provide a multilayer optical recording medium having 
a plurality of recording layers wherein a desired one of 
these recording layers can be easily identified irrespec- 
tive of the number of layers, and a reduction in S/N in 
reading information from the identified recording layer 
can be suppressed. 

[0011] It is another object of the present invention to 
provide a recording/reproducing device which can 
record/reproduce information to/from an arbitrary one of 
recording layers in a multilayer optical recording medi- 
um and maintains compatibility with a conventional re- 
cording/reproducing device. 

[0012] In accordance with an aspect of the present in- 
vention, there is provided a multilayer optical recording 
medium including a first recording layerfor recording or 
reproducing information by using a first light beam hav- 
ing a center wavelength X1 ; a first photochromic layer 
provided on the first recording layer; a first optical 
waveguide layer provided on the first photochromic lay- 
er for guiding to the first photochromic layer a second 
light beam having a center wavelength ?i2 different from 
the center wavelength \~\ : a second recording layer pro- 
vided on the first optical waveguide layer for recording 
or reproducing information by using the first light beam; 
a second photochromic layer provided on the second 
recording layer; and a second optical waveguide layer 
provided on the second photochromic layer for guiding 



the second light beam to the second photochromic lay- 
er; wherein the reflectance of each of the first and sec- 
ond photochromic layers to the first light beam can be 
repeatedly increased by irradiation with the second light 
5 beam and can be repeatedly decreased by stoppage of 
the irradiation. 

[0013] Preferably, the refractive index n1 of each of 
the first and second optical waveguide layers, the re- 
fractive index n2 of each of the first and second record- 
10 ing layers, and the refractive index n3 of each of the first 
and second photochromic layers satisfy the relation of 
n3 > n1 > n2. 

[001 4] Each of the first and second optical waveguide 
layers has an inner circumferential end surface inclined 

15 to introduce the second light beam. Preferably, a first 
antireflection film capable of transmitting the first and 
second light beams is interposed between the first pho- 
tochromic layer and the first optical waveguide layer. 
Similarly, a second antireflection film capable of trans- 

20 mitting the first and second light beams is interposed 
between the second photochromic layer and the second 
optical waveguide layer. 

[0015] Preferably, a total reflection film capable of 
transmitting the first light beam and totally reflecting the 

25 second light beam is interposed between the first optical 
waveguide layer and the second recording layer. More 
preferably, the inner circumferential end surface of each 
of the first and second optical waveguide layers is 
formed with a plurality of gratings extending in the radial 

30 direction of the recording medium. 

[0016] In accordance with another aspect of the 
present invention, there is provided a multilayer optical 
recording medium including a first recording layerfor re- 
cording or reproducing information by using a first light 

35 beam having a center wavelength ; a first photochro- 
mic layer provided on the first recording layer; a first op- 
tical waveguide layer provided on the first photochromic 
layer for guiding to the first photochromic layer a second 
light beam having a center wavelength X2 different from 

40 the center wavelength A,1 ; a first antireflection film inter- 
posed between the first photochromic layer and the first 
optical waveguide layer fortransmittingthefirst and sec- 
ond light beams; a second recording layer provided on 
the first optical waveguide layer for recording or repro- 

45 ducing information by using the first light beam; a total 
reflection film interposed between the first optical 
waveguide layer and the second recording layer for 
transmitting the first light beam and totally reflecting the 
second light beam; a second photochromic layer pro- 

50 vided on the second recording layer; a second optical 
waveguide layer provided on the second photochromic 
layer for guiding the second light beam to the second 
photochromic layer; and a second antireflection film in- 
terposed between the second photochromic layer and 

55 the second optical waveguide layer for transmitting the 
first and second light beams; wherein the reflectance of 
each of the first and second photochromic layers to the 
first light beam can be repeatedly increased by irradia- 
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tion with the second light beam and can be repeatedly 
decreased by stoppage of the irradiation. 
[0017] In accordance with a further aspect of the 
present invention, there is provided a storage device for 
recording and/or reproducing information to/from a mul- 
tilayer optical recording medium including a plurality of 
set structures each consisting of a recording layer, a 
photochromic layer, and an optical waveguide layer 
stacked in this order from the irradiation side of a light 
beam for recording/reproducing information, the stor- 
age device including a rotating mechanism for rotating 
the multilayer optical recording medium; a first optical 
head for directing a first light beam having a center 
wavelength XI to the multilayer optical recording medi- 
um to record/reproduce information to/from an arbitrary 
one of the recording layers; and a second optical head 
for directing a second light beam having a center wave- 
length X2 different from the center wavelength M to a 
selected one of the optical waveguide layers; the first 
optical head being located in a region where the second 
light beam directed from the second optical head prop- 
agates in the selected optical waveguide layer. 
[0018] The first optical head has a first objective lens 
forfocusing thefirst light beam on the arbitrary recording 
layer, and the second optical head has a second objec- 
tive lens forfocusing the second light beam on the se- 
lected optical waveguide layer. The storage device fur- 
ther includes a first photo detector for detecting reflected 
light of the first light beam reflected on the photochromic 
layer whose reflectance has been increased by the sec- 
ond light beam propagating in the selected optical 
waveguide layer, a first focus error signal generating cir- 
cuit for generating a focus error signal for the first ob- 
jective lens according to an output from the first photo- 
detector, and a first objective lens driving circuit for driv- 
ing the first objective lens according to an output from 
the first focus error signal generating circuit. 
[001 9] Preferably, the storage device further includes 
a second photodetector for detecting reflected light of 
the second light beam, a second focus error signal gen- 
erating circuit for generating a focus error signal for the 
second objective lens according to an output from the 
second photodetector, and a second objective lens driv- 
ing circuit for driving the second objective lens according 
to an output from the second focus error signal gener- 
ating circuit. The storage device further includes a third 
photodetector for detecting reflected light of thefirst light 
beam, an aberration correction signal generating circuit 
for generating an aberration correction signal for the first 
light beam according to an output from the third photo- 
detector, an aberration correction element inserted in an 
optical path of the first light beam for correcting aberra- 
tion of thefirst light beam, and an aberration correction 
element driving circuit for driving the aberration correc- 
tion element according to an output from the aberration 
correction signal generating circuit. 
[0020] Preferably, the storage device further includes 
a reflectance changing mechanism for reducing the in- 



creased reflectance of the photochromic layer attained 
by irradiation with the second light beam. This reflect- 
ance changing mechanism is effective in the case that 
the increased reflectance of the photochromic layer is 
5 not decreased in a short time after stopping the irradia- 
tion with the second light beam. For example, the re- 
flectance changing mechanism includes a white LED as 
a light source. 



[0021] 

FIG. 1 is an enlarged sectional view of a multilayer 
optical recording medium according to a first pre- 
ferred embodiment of the present invention; 
FIG. 2 is a schematic diagram of a recording/repro- 
ducing device for recording/reproducing informa- 
tion to/from the multilayer optical recording medium 
according to the first preferred embodiment; 
FIG. 3 is a schematic fragmentary view of a multi- 
layer optical recording medium having gratings on 
the inner circumferential end surface of each optical 
waveguide layer; 

FIG. 4 is an enlarged sectional view of a multilayer 
optical recording medium according to a second 
preferred embodiment of the present invention; 
FIG. 5 is a schematic diagram of a recording/repro- 
ducing device for recording/reproducing informa- 
tion to/from the multilayer optical recording medium 
according to the second preferred embodiment; 
FIG. 6 is an enlarged sectional view of a multilayer 
optical recording medium having a land/groove 
structure; 

FIG. 7 is an enlarged sectional view of a multilayer 
optical recording medium including a plurality of set 
structures each having a recording layer, a photo- 
chromic layer, and an optical waveguide layer, 
wherein these plural set structures are bonded to- 
gether by an adhesive; and 
FIG. 8 is a schematic diagram of a recording/repro- 
ducing device having a mechanism for decolorizing 
the colored photochromic layer. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] Referring to FIG. 1 , there is shown an enlarged 
sectional view of a multilayer optical recording medium 
according to a first preferred embodiment of the present 
invention. The multilayer optical recording medium in- 
cludes a plurality of set structures each consisting of a 
recording layer 4, a photochromic layer 6, an antireflec- 
tion film 8, an optical waveguide layer 10, and a total 
reflection film 1 2 stacked in this order from the irradiation 
side of a light beam 16 for recording/ reproducing infor- 
mation. In FIG. 1 , the first recording layer is denoted by 
4-,, the (m-1)-th recording layer is denoted by 4 m _.,, the 
m-th recording layer is denoted by 4 m , and the (m+1)- 
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th recording layer is denoted by 4 m+1 . Similar denotation 
applies to the photochromic layer 6 ; the antireflection 
film 8, the optical waveguide layer 1 0, and the total re- 
flection film 1 2 in each set structure. Reference numeral 
14 denotes a protective film, and a transparent substrate 
is not shown. The transparent substrate is normally pro- 
vided on the light beam irradiation side. 
[0023] Each recording layer 4 is provided to record/ 
reproduce information by using the first light beam 16 
having a center wavelength 11 . Each recording layer 4 
has such a structure that information is recorded on a 
flat surface as in a compact disc. For example, in the 
case of using a phase-change film for recording infor- 
mation by phase change, each recording layer 4 in- 
cludes not only a phase-change layer in which phase 
change is exhibited, but any layer required for recording 
and reproduction of information, such as a layer for pro- 
tecting the phase-change layer and a layer for enhanc- 
ing the effect of phase change. Further, in the case of 
recording information at an interfacial structure between 
layers having different refractive indices, a transparent 
layer is included as a part of the recording layer because 
this layer is also concerned with recording. 
[0024] Each photochromic layer 6 becomes transpar- 
ent to the first light beam 16 having the center wave- 
length 11 by irradiation with light or application of heat, 
and is increased in reflectance to the first light beam 1 6 
by irradiation with a second light beam 1 8 having a cent- 
er wavelength 12 different from the center wavelength 
11 . Each photochromic layer 6 is changed in molecular 
structure by irradiation with visible light, for example, 
causing a decrease in reflectance to become transpar- 
ent. Thus, the increase and decrease in reflectance to 
thefirst light beam 1 6 can be repeated. The second light 
beam 18 is UV light, for example, and each photochro- 
mic layer 6 is changed again in molecular structure by 
irradiation with UV lightto exhibit a coloring performance 
such that the reflectance to the light having the specific 
wavelength 11 is increased. Further, each photochromic 
layer 6 becomes transparent by irradiation with visible 
light, for example. Thus, each photochromic layer 6 is 
formed of a material which can be repeatedly made 
transparent and colored. For example, such a photo- 
chromic material may include fulgide and diaryl ethene. 
Preferably, each photochromic layer 6 is formed of a 
completely optical reversible photochromic material. 
[0025] Each optical waveguide layer 10 is formed of 
Ge doped Si0 2 , for example, transparent to the center 
wavelength 11 and the center wavelength 12. Each op- 
tical waveguide layer 10 has an inner circumferential 
end surface 1 0a formed as an inclined surface capable 
of introducing the second light beam 1 8 into the optical 
waveguide layer 10. The antireflection film or matching 
coat layer 18 is interposed between each optical 
waveguide layer 10 and each photochromic layer 6 to 
transmit both the first light beam 1 6 for recording/ repro- 
ducing information to/from the recording layer 4 and the 
second light beam 1 8 for coloring the photochromic lay- 



er 6. With this structure : it is possible to suppress the 
total reflection of the second light beam 18 having the 
center wavelength 12 for coloring the photochromic lay- 
er 6 at the interface between the photochromic layer 6 

5 and the optical waveguide layer 1 0, thereby allowing the 
irradiation of the photochromic layer 6 with the second 
light beam 1 8. Although a light beam 20 is shown so as 
to zigzag propagate in the optical waveguide layer 1 0 in 
FIG. 1 , so as to conveniently show irregular reflection of 

10 the light beam 20, the propagation of the light beam 20 
in the optical waveguide layer 10 is actually more pre- 
cise or finer. That is, the light beam 20 propagates uni- 
formly to thereby uniformly changethe reflectance of the 
photochromic layer 6. 

15 [0026] Further, the total reflection film 12 is interposed 
between the optical waveguide layer 1 0 and the record- 
ing layer 4 to transmit the first light beam 1 6 for record- 
ing/reproducing information to/from the recording layer 
4 and to reflect the second light beam 1 8 for increasing 

20 the reflectance of the photochromic layer 6. With this 
structure, the transmission of the light beam 20 propa- 
gating in the optical waveguide layer 1 0 to the recording 
layer 4 is suppressed. Letting n1 , n2, and n3 denote the 
refractive indices of each optical waveguide layer 10, 

25 each recording layer 4, and each photochromic layer 6 : 
respectively, it is preferable to satisfy the relation of n3 
> n1 > n2. In the case that this relation is satisfied on 
the refractive indices of each optical waveguide layer 
1 0, each recording layer 4, and each photochromic layer 

30 6, total reflection by a difference between the refractive 
indices can be exhibited, so that the antireflection film 8 
and the total reflection film 12 can be omitted. Converse- 
ly, in the case that the antireflection film 8 and the total 
reflection film 12 are provided, the above relation about 

35 the refractive indices is not necessarily required. 

[0027] Referring to FIG. 2, there is shown a schematic 
diagram of a recording/reproducing device suitable for 
use in recording/reproducing information to/from the 
multilayer optical recording medium 2 according to the 

40 first preferred embodiment shown in FIG. 1 . The record- 
ing/reproducing device shown in FIG. 2 is a recording/ 
reproducing device having a structure such that an op- 
tical head 30 for recording/reproducing information and 
an optical head 34 for selecting a recording layer are 

45 provided on the same side of the multilayer optical re- 
cording medium 2. The multilayer optical recording me- 
dium 2 has an information recording region 24 and a 
recording layer selecting region 26 formed radially in- 
side of the information recording region 24. The record- 

50 ing medium 2 is rotated by a spindle motor 28. 

[0028] The optical head 30 has an objective lens 32 
whose focus is adjustable according to a focus error sig- 
nal to direct the first light beam 16 having the center 
wavelength 11 onto the multilayer optical recording me- 

55 dium 2, thus recording/reproducing information to/from 
the recording layer 4. The first light beam 1 6 is reflected 
on the recording layer 4. A part of the reflected light from 
the recording layer 4 is transmitted by a beam splitter 
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37, and is next detected by a photodetector 38. A focus 
error signal (FES) is generated according to an output 
from the photodetector 38 by a focus error signal gen- 
erating circuit 40. The FES is input into an objective lens 
drive control circuit 42, which in turn adjusts the focal 
position of the objective lens 32. 
[0029] The first light beam 1 6 directed from the optical 
head 30 exhibits spherical aberration due to a difference 
in optical distance from the objective lens 32 to each 
recording layer 4. Accordingly, the recording/reproduc- 
ing device shown in FIG. 2 includes a spherical aberra- 
tion removing mechanism having the following configu- 
ration. The remaining part of the reflected light from the 
recording layer 4 is reflected by the beam splitter 37, 
and is next detected by a photodetector 44. An output 
from the photodetector 44 is input into an aberration cor- 
rection signal generating circuit 46 to generate an aber- 
ration correction signal. This aberration correction sig- 
nal is input into an aberration correction element drive 
control circuit 48, which in turn drives an aberration cor- 
rection element 50 to correct the spherical aberration. 
The aberration correction element 50 is inserted in an 
optical path between a light sourcesuch as a laser diode 
and the objective lens 32. The aberration correction el- 
ement 50 is a device for correcting aberration in real time 
by using a liquid crystal, for example, and such a device 
is an existing technique. 

[0030] Similarly, the optical head 34 has an objective 
lens 36 whose focus is adjustable according to a focus 
error signal. The second light beam 1 8 directed from the 
optical head 34 is reflected on the recording medium 2, 
and the reflected light from the recording medium 2 is 
detected by a photodetector 52. An output from the pho- 
todetector 52 is input into a focus error signal generating 
circuit 54 to generate a focus error signal (FES). This 
FES is next input into an objective lens drive control cir- 
cuit 56, and the objective lens 36 is driven by an output 
from the objective lens drive control circuit 56, thereby 
adjusting the focal position of the objective lens 36. 
[0031] FIG. 3 shows the shape of a beam spot 18a 
entering the end surface of each optical waveguide layer 
1 0 and a plurality of gratings 58 formed on the end sur- 
face of each optical waveguide layer 1 0. These gratings 
58 extend in the radial direction of the multilayer optical 
recording medium 2. As shown in FIG. 3, the beam spot 
1 8a having an elliptical shape enters the end surface of 
each optical waveguide layer 10. This elliptical beam 
spot 18a can be realized by inserting a cylinder lens in 
an optical system, for example. The elliptical beam spot 
18a can improve the uniformity of the circumferential 
width and intensity of the light beam 20 dispersively 
propagating in the optical waveguide layer 10. Further, 
by dispersing the light beam 20, it is possible to ensure 
the margin where the first light beam 1 6 from the optical 
head 30 enters the region of propagation of the second 
light beam 18. As shown in FIG. 3, the gratings 58 are 
formed on the end surface 1 0a of the optical waveguide 
layer 1 0 where the second light beam 1 8 from the optical 



head 34 enters. Accordingly, as compared with the case 
that the end surface 10a is flat, the light beam 20 can 
be dispersed more effectively in the optical waveguide 
layer 1 0 because of diffracted light by the gratings 58. 
5 [0032] The operation of recording/reproducing infor- 
mation will now be described with reference to FIG. 1 . 
In recording/reproducing information to/from a desired 
recording layer 4 m , the second light beam 18 focused 
by the objective lens 36 of the optical head 34 enters 
the inner circumferential end surface 1 0a of the optical 
waveguide layer 1 0 m of the same set as that of the de- 
sired recording layer 4 m . The light beam 18 introduced 
into the optical waveguide layer 10 m is irregularly reflect- 
ed in the optical waveguide layer 1 0 m as shown by ref- 
erence numeral 20, and dispersively propagates in the 
form of a sector toward the other end surface. When the 
photochromic layer 6 m is irradiated with the light beam 
20 by the irregular reflection, the reflectance of the nor- 
mally transparent photochromic layer 6 m to the light hav- 
ing a specific wavelength range including the center 
wavelength X"\ is increased. 

[0033] On the other hand, the first light beam 1 6 hav- 
ing the center wavelength A,1 focused by the objective 
lens 32 of the optical head 30 is reflected on the photo- 
chromic layer 6m and returned to the optical head 30. 
Then, a focus error signal (FES) is generated by the fo- 
cus error signal generating circuit 40 according to a part 
of the reflected lightfrom the photochromic layer 6 m , and 
the focal position of the objective lens 32 is adjusted by 
using known information on the spacing between the 
photochromic layer 6 m and the recording layer 4 m . 
Thereafter, an aberration correction signal is generated 
by the aberration correction signal generating circuit 46 
according to the remaining part of the reflected lightfrom 
the photochromic layer 6 m , and the aberration correc- 
tion element 50 is driven according to this correction sig- 
nal to correct for the aberration. The above-mentioned 
adjustment and correction are performed once or more 
to bring the focus on the recording layer 4 m . Accordingly 
information can be recorded/reproduced to/from the de- 
sired recording layer 4 m selected. There is no change 
in reflectance of the photochromic layers 6 on the upper 
side of the photochromic layer 6 m whose reflectance 
has been changed above, so that the upper photochro- 
mic layers 6 remain transparent to transmit the first light 
beam 1 6, and the first light beam 1 6 can be focused on 
the recording layer 4 m corresponding to the optical 
waveguide layer 10 m . 

[0034] During recording/reproduction of information 
to/from the recording layer 4 m by the optical head 30, 
the second light beam 18 is directed continuously or in 
a pulsed manner to thereby maintain an increased re- 
flectance of the photochromic layer 6 m . If the time of 
maintaining the increased reflectance of the photochro- 
mic layer 6 m is enough longerthan the time of recording/ 
reproducing information, the second light beam 18 may 
be directed during only the time of one revolution of the 
multilayer optical recording medium 2 and may be there- 
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after stopped to use only the first light beam 1 6 for writ- 
ing/reading of information. 

[0035] In the case of recording/reproducing informa- 
tion to/from the recording layer 4 m _ 1 after the recording 
layer 4 m , the reflectance of the photochromic layer S m .^ 
may be increased similarly to allow recording/ rep reduc- 
tion of information in accordance with the above proce- 
dure. However, in the case of recording/reproducing in- 
formation to/from the recording layer 4 m+1 after the re- 
cording layer 4 m , there occurs a reduction in S/N in read- 
ing information due to an increase in reflectance of the 
photochromic layer 6 m . To avoid this S/N reduction, the 
photochromic layer 6 m is irradiated with a light beam 
having a wavelength different from the wavelength of 
the first light beam 16, preferably, irradiated with a visi- 
ble light beam, thereby restoring the transparent state 
of the photochromic layer 6 m . Thereafter, the optical 
head 34 is moved to make the second light beam 18 
enter the inner circumferential end surface 10a of the 
optical waveguide layer 10 m+1 of the same set as that 
of the recording layer 4 m+1 . Accordingly, the reflectance 
of the photochromic layer 6 m+1 of the same set as that 
of the recording layer 4 m+1 can be increased to record/ 
reproduce information to/from the recording layer 4 m+1 . 
[0036] Referring next to FIG. 4, there is shown an en- 
larged sectional view of a multilayer optical recording 
medium 2A according to a second preferred embodi- 
ment of the present invention. In this preferred embod- 
iment, the first light beam 16 from the optical head 30 
and the second light beam 1 8 from the optical head 34 
are directed from the opposite sides of the multilayer op- 
tical recording medium 2A. The same parts as those of 
the multilayer optical recording medium 2 according to 
the first preferred embodiment shown in FIG. 1 are de- 
noted by the same reference numerals. FIG. 5 shows a 
schematic diagram of a recording/reproducing device 
suitable for use in recording/reproducing information to/ 
from the multilayer optical recording medium 2A shown 
in FIG. 4, wherein the optical head 30 and the optical 
head 34 are located on the opposite sides of the record- 
ing medium 2A. With this arrangement, stray lights due 
to the first and second light beams 1 6 and 1 8 in the re- 
cording/reproducing device can be isolated from each 
other, so that the stray light entering the optical head 30 
can be reduced. Further, the movable optical heads 30 
and 34 can be arranged without mutual interference. 
[0037] In each of the multilayer optical recording me- 
dia 2 and 2A according to the first and second preferred 
embodiments mentioned above, each recording layer 4 
is flat as in a compact disc. In contrast thereto, FIG. 6 
shows a sectional view of a preferred embodiment, 
wherein each recording layer 4 has a land/groove struc- 
ture. In a DVD-ROM having two recording layers now in 
practical use, these recording layers are stacked in such 
a manner that the lands or grooves are formed at the 
same radial position. In a multilayer optical recording 
medium, however, the land/groove structure is realized 
by the boundary of materials having different refractive 



indices. Accordingly, an optical path difference due to 
the refractive index difference is generated between 
light beams passing through the land region and the 
groove region. This optical path difference is larger in a 
5 deeper recording layer, resulting in greater spherical ab- 
erration as compared with a flat recording layer at the 
same depth. 

[0038] In the multilayer optical recording medium 2B 
shown in FIG. 6, a plurality of layers of land/groove 

10 structures are formed, wherein lands 60 are staggered 
and grooves 62 are also staggered. With this arrange- 
ment, it is possible to reduce the spherical aberration 
generated in recording/reproducing information to/from 
the deeper recording layer 4 by the first light beam 16 

15 focused by the objective lens 32 of the optical head 30 
as compared with a conventional medium such that the 
lands and grooves are not staggered. Such a plurality 
of layers of land/groove structures having a staggered 
arrangement of lands and grooves can be configured by 

20 making a protective layer 14 m have an adhesive func- 
tion except the uppermost protective layer 14 1 . 
[0039] In the multilayer optical recording medium 2B 
shown in FIG. 6, substantially the same parts as those 
of the first and second preferred embodiments are de- 

25 noted by the same reference numerals. The multilayer 
optical recording medium 2B may be manufactured in 
the following manner. The odd-numbered set structures 
are formed by using a first stamper, and the even-num- 
bered set structures are formed by using a second 

30 stamper. Thereafter, these odd-numbered and even- 
numbered set structures are alternately bonded by us- 
ing the protective layers 14 m having an adhesive func- 
tion. The land/groove structure in each set structure may 
be formed as a spiral structure of land/groove continu- 
es ously extending from the inner circumference to the out- 
er circumference of the medium. 
[0040] Referring next to FIG. 7, there is shown an en- 
larged sectional view of a multilayer optical recording 
medium 2C according to a fourth preferred embodiment 

40 of the present invention. In the case of a multilayer op- 
tical recording medium, information is written/read to/ 
from a plurality of recording layers independently. Ac- 
cordingly, it is generally desirable to space the adjacent 
recording layers by a distance of 30 jam or more. The 

45 spacing between the adjacent recording layers 4 can be 
ensured by interposing a transparent material, e.g., a 
UV curing resin such as polycarbonate between the m- 
th optical waveguide layer 1 0 m and the (m+1 )-th record- 
ing layer 4 m+1 . For example, a plurality of set structures 

50 each consisting of a recording Iayer4, photochromic lay- 
er 6, a nti reflection film 8, optical waveguide layer 10, 
and total reflection film 12 are individually produced. In 
the final step, these set structures are bonded together 
by using an adhesive 64 as the UV curing resin men- 

55 tioned above. Thus, mass production of the multilayer 
optical recording medium 2C can be attained. In this 
case, it is preferable to preliminarily record information 
on each recording layer 4 and use the multilayer optical 
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recording medium 2C as a ROM. 
[0041] FIG. 8 shows a schematic diagram of a record- 
ing/reproducing device including a decolorizing mecha- 
nism (reflectance changing mechanism) for making 
transparent the colored photochromic layer 6 whose re- 
flectance has been increased to restore an original low 
reflectance. In the case that the photochromic layer 6 is 
formed of a material retaining the color even after stop- 
ping the irradiation with the second light beam 18, the 
decolorizing mechanism functions to apply light and/or 
heat to the multilayer optical recording medium 2. For 
example, a white LED 68 connected to a light emitting 
circuit 70 is located outside the propagation region of 
the second light beam 1 8 for coloring the photochromic 
layer 6 to thereby decolorize the colored photochromic 
layer 6. While the position of the white LED 68 may be 
set on either side of the multilayer optical recording me- 
dium 2, the white LED 68 is preferably located on the 
side opposite to that of the optical head 30 to avoid the 
stray light. The decolorizing mechanism shown in FIG. 
8 is adapted to decolorize all of the plural photochromic 
layers 6 in the medium 2. As a modification, the white 
LED 68 may be used as a light source for the optical 
head 34 to individually decolorize the photochromic lay- 
ers 6. 

[0042] In the conventional multilayerfilm, the multiple 
layers have different reflectances. To the contrary, the 
multilayerfilm according to the present invention has a 
fixed reflectance of each layer at a specific wavelength, 
so that reliable focusing can be attained without light 
quantity loss. Further, while the system of performing 
both the recording and the reproduction has been de- 
scribed in each preferred embodiment mentioned 
above, the present invention is applicable also to a sys- 
tem of performing either the recording only or the repro- 
duction only. In this case, the optical head for recording/ 
reproducing information is replaced by an optical head 
for recording information or an optical head for repro- 
ducing information. 

INDUSTRIAL APPLICABILITY 

[0043] As described above in detail, the multilayer op- 
tical recording medium of the present invention includes 
a plurality of set structures each consisting of a record- 
ing layer, a photochromic layer, and an optical 
waveguide layer stacked in this order from the irradia- 
tion side of a light beam for recording/reproducing infor- 
mation. Accordingly, a desired recording layer can be 
immediately identified and information can be recorded/ 
reproduced to/from this recording layer identified. Only 
the information recorded in the recording layer focused 
by the light beam for recording/reproduction can be re- 
produced, so that the S/N of a reproduction signal can 
be improved. Further, the recording/reproducing device 
according to the present invention can be made com- 
patible with a conventional recording/reproducing de- 
vice using a normal optical recording medium having a 



fixed reflectance of each recording layer, thereby allow- 
ing writing or reading of information to/from such a nor- 
mal optical recording medium. 

5 

Claims 

1 . A multilayer optical recording medium comprising: 

10 a first recording layer for recording or reproduc- 

ing information by using a first light beam hav- 
ing a center wavelength A.1 ; 
a first photochromic layer provided on said first 
recording layer; 

15 a first optical waveguide layer provided on said 

first photochromic layer for guiding to said first 
photochromic layer a second light beam having 
a center wavelength X2 different from said cent- 
er wavelength A,1 ; 

20 a second recording layer provided on said first 

optical waveguide layer for recording or repro- 
ducing information by using said first light 
beam; 

a second photochromic layer provided on said 
25 second recording layer; and 

a second optical waveguide layer provided on 
said second photochromic layer for guiding 
said second light beam to said second photo- 
chromic layer; 

30 

wherein the reflectance of each of said first 
and second photochromic layers to said first light 
beam can be repeatedly increased by irradiation 
with said second light beam and can be repeatedly 
35 decreased by stoppage of said irradiation. 

2. The multilayer optical recording medium according 
to claim 1 , wherein each of said first and second 
optical waveguide layers has an inner circumferen- 
ce tial end surface inclined to introduce said second 

light beam. 

3. The multilayer optical recording medium according 
to claim 1 , wherein the refractive index n1 of each 

45 of said first and second optical waveguide layers, 
the refractive index n2 of each of said first and sec- 
ond recording layers, and the refractive index n3 of 
each of said first and second photochromic layers 
satisfy the relation of n3 > n1 > n2. 

50 

4. The multilayer optical recording medium according 
to claim 1 , further comprising: 

a first anti reflection film interposed between 
55 said first photochromic layer and said first opti- 

cal waveguide layer for transmitting said first 
and second light beams; and 
a second antireflection film interposed between 
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said second photochromic layer and said sec- 
ond optical waveguide layer for transmitting 
said first and second light beams. 

5. The multilayer optical recording medium according 5 
to claim 4, further comprising a total reflection film 
interposed between said first optical waveguide lay- 
er and said second recording layer for transmitting 
said first light beam and totally reflecting said sec- 
ond light beam. 10 

6. The multilayer optical recording medium according 
to claim 2, wherein said inner circumferential end 
surface of each of said first and second optical 
waveguide layers is formed with a plurality of grat- 15 
ings extending in the radial direction of said record- 
ing medium. 

7. A multilayer optical recording medium comprising: 

20 

a first recording layer for recording or reproduc- 
ing information by using a first light beam hav- 
ing a center wavelength A,1 ; 
a first photochromic layer provided on said first 
recording layer; 25 
a first optical waveguide layer provided on said 
first photochromic layer for guiding to said first 
photochromic layer a second light beam having 
a center wavelength X2 different from said cent- 
er wavelength A,1 ; 30 
a first a nti reflection film interposed between 
said first photochromic layer and said first opti- 
cal waveguide layer for transmitting said first 
and second light beams; 

a second recording layer provided on said first 35 
optical waveguide layer for recording or repro- 
ducing information by using said first light 
beam; 

a total reflection film interposed between said 
first optical waveguide layer and said second 40 
recording layer for transmitting said first light 
beam and totally reflecting said second light 
beam; 

a second photochromic layer provided on said 
second recording layer; 45 
a second optical waveguide layer provided on 
said second photochromic layer for guiding 
said second light beam to said second photo- 
chromic layer; and 

a second anti reflection film interposed between 50 
said second photochromic layer and said sec- 
ond optical waveguide layer for transmitting 
said first and second light beams; 

wherein the reflectance of each of said first 55 
and second photochromic layers to said first light 
beam can be repeatedly increased by irradiation 
with said second light beam and can be repeatedly 



decreased by stoppage of said irradiation. 

8. The multilayer optical recording medium according 
to claim 7, wherein each of said first and second 
optical waveguide layers has an inner circumferen- 
tial end surface inclined to introduce said second 
light beam. 

9. The multilayer optical recording medium according 
to claim 8 ; wherein said inner circumferential end 
surface of each of said first and second optical 
waveguide layers is formed with a plurality of grat- 
ings extending in the radial direction of said record- 
ing medium. 

10. A storage device for recording and/or reproducing 
information to/from a multilayer optical recording 
medium including a plurality of set structures each 
consisting of a recording layer, a photochromic lay- 
er, and an optical waveguide layer stacked in this 
order from the irradiation side of a light beam for 
recording/reproducing information, said storage de- 
vice comprising: 

a rotating mechanism for rotating said multilay- 
er optical recording medium; 
a first optical head for directing a first light beam 
having a center wavelength 11 to said multilay- 
er optical recording medium to record/repro- 
duce information to/from an arbitrary one of 
said recording layers; and 
a second optical head for directing a second 
light beam having a center wavelength X2 dif- 
ferent from said center wavelength X~\ to a se- 
lected one of said optical waveguide layers; 
said first optical head being located in a region 
where said second light beam directed from 
said second optical head propagates in said se- 
lected optical waveguide layer. 

1 1 . The storage device according to claim 1 0, 
wherein said first optical head has a first objective 
lens for focusing said first light beam on said arbi- 
trary recording layer, and said second optical head 
has a second objective lens for focusing said sec- 
ond light beam on said selected optical waveguide 
layer; 

said storage device further comprising: 

a first photodetector for detecting reflected light 
of said first light beam reflected on said photo- 
chromic layer whose reflectance has been in- 
creased by said second light beam propagating 
in said selected optical waveguide layer; 
a first focus error signal generating circuit for 
generating a focus error signal for said first ob- 
jective lens according to an output from said 
first photodetector; and 
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a first objective lens driving circuit for driving 
said first objective lens according to an output 
from said first focus error signal generating cir- 
cuit. 

5 

12. The storage device according to claim 11, further 
comprising: 

a second photo detector for detecting reflected 
light of said second light beam; 10 
a second focus error signal generating circuit 
for generating a focus error signal for said sec- 
ond objective lens according to an output from 
said second photodetector; and 
a second objective lens driving circuit for driv- 15 
ing said second objective lens according to an 
output from said second focus error signal gen- 
erating circuit. 

13. The storage device according to claim 11, further 20 
comprising: 

a third photodetector for detecting reflected 
light of said first light beam; 
an aberration correction signal generating cir- 25 
cuit for generating an aberration correction sig- 
nal for said first light beam according to an out- 
put from said third photodetector; 
an aberration correction element inserted in an 
optical path of said first light beam for correcting 30 
aberration of said first light beam; and 
an aberration correction element driving circuit 
for driving said aberration correction element 
according to an output from said aberration cor- 
rection signal generating circuit. 35 

14. The storage device according to claim 10, 
further comprising a reflectance changing mecha- 
nism for reducing the increased reflectance of said 
photochromic layer attained by irradiation with said 40 
second light beam. 

15. The storage device according to claim 14, 
wherein said reflectance changing mechanism 
comprises a white LED. 45 
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FIG. 4 
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FIG. 6 
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